ambient temperaturecompared to other species of domestic animals. They have no sweat glands, a rapid metabolism, and high body temperature. Furthermore, fast-growing meat broilers generate more heat than their free-living counterparts living in the wild (Geraert et al., 1996) and (Abidin & Khatoon, 2013) .
Birds are homeotherms, having the ability to maintain their body temperature within a narrow range. An increase in body temperature above the regulated range, as a result of exposure to environmental extremes and/or excessive metabolic heat production, may initiate a cascade of irreversible thermoregulatory events that could be lethal for the bird (North and Bell, 1990 ).
The heat stress causes an enhancement of core temperature and acceleration of breathing frequency. These changes lead to polypnea and a higher alveolar ventilation rate that is connected with evaporative cooling. The increased evaporation results in changes in blood gas and water concentrations in the internal environment of the organism. The tension of carbon dioxide decreases and the oxygen concentration increases in the blood. The respiratory alkalosis rectified by HCO 3 developed in the organism. It is due to the reduced reabsorption from the glomerular filtrate in kidneys (Hartlova et al., 2002) .High ambient temperature is very disruptive for broiler chickens and reduces feed intake, weight gain, carcass weights, and abdominal fat and increases mortality (Belay and Teeter, 1996) .
The blood and circulatory system is particularly sensitive to changes in temperature, being an important indicator of physiological responses in birds to stressing agents. Borges et al. (2007) surmised that quantitative and morphological changes in blood cells were associated with heat stress and were translated by variations in haematocrit value, leukocyte counts, erythrocytes and hemoglobin contents.
Several methods have been proposed for reducing heat stress effects in poultry including nutritional methods. Among the most important proposed nutritional methods are restricted feeding during the hottest hours of the day, to alter dietary levels of energy, protein or amino acids or to supplement the diets with different additives such as vitamin C (Whitehead and Keller, 2003) , vitamin E (Ajakaiye et al., 2010) , sodium bicarbonate (Hayat et al., 1999) . A number of studies have shown beneficial responses to different feed additives independently however, little studies have been conducted to directly compare the effects of different feed supplements at the recommended concentrations.
So, this study was planned to compare effect of different supplements used in field to ameliorate the negative effect of heat stress on chicken from different aspects, body performance, immunity, biochemical parameters.
Material and Methods

Animals and experimental design
A total of two hundred, day old broiler chicks (Hubbard) were purchased from Ismailia/ Miser Poultry Company. The birds were reared throughout the entire period of study in the well ventilated, well adapted room during the experimental period. Then the birds were randomly divided into five equal groups, each consisting of 40 and numbered them as group A, B, C, D and E.  Group (A) was maintained as thermo-natural control and was fed only with commercial broiler ration throughout the experimental period in normal temperature schedule.  Group (B) was maintained as heat stressed and was fed only with commercial broiler ration throughout the experimental period.  Group (C) was fed on commercial broiler ration supplemented with 2 g sod.
Bicarbonate (NaHCO 3 ) /kg of diet.  Group (D) was fed on commercial broiler ration supplemented with 200 mg of (Vitamin C) L-ascorbic acid/kg of diet.  Group (E) was fed on commercial broiler ration supplemented with 300 mg vitamin E/kg of diet. Vaccination schedule was maintained properly for ND and AI All birds except group (A) were exposed to 35-40ºC/6 hrs. from 010.00 am to-04.00 pm (6 hrs heat stress episodes ) daily during the experimental period by using the electric heater 2000 watts placed at 50 cm height of floor and heat distributed by fan.
Samples collection
At the 14 th , the 28 th and the 42 th day of exposure, individual blood samples collected from 10 birds (wing vein) in plastic tubeswith anticoagulant (EDTA) for hematological studies and other without anticoagulant, centrifuged at 3000 rpm/15min. to separate sru which kept in -18°C until biochemical analysis.
Measurement of live body weight parameters and mortality %
Live weight of 10 birds were randomly selected within replicates of each group and measurements were recorded with a standard electronic weighing balance At 2,4 and 6 weeks of age and mortality % were recoded.
Immunological studies
Weight of lymphoid organs: Six birds were randomly selected from each group, slaughtered and lymphoid organs (thymus, spleen and Bursa of Fabricius) were dissected out, weighed and calculated according to the formula of (Halouzka, 1991) .
Haemagglutination inhibition (HI)test
It was performed using avian influenza and Newcastle disease virus antigens to determine antibody titers against avain influenza and Newcastle disease virus according to OIE (2012) .
Hematological analysis
Blood smears were made and stained with Giemsa stain for differential leukocytes count recording heterophil H%, L% and heterophil/ lymphocyte (H/L ratio) (Gross and Siegel, 1983) . RBC counts were done with the help of a hematocytometer by using the technique by Natt and Herick (1952) , Hemoglobin concentration was determined by Sahli`s Acid Hematin method, PCV was obtained by the microhematocrict method, Hemocytometer was used forTLC and the procedure of Sastry (1989) was adopted. Blood pH value was estimated according to (Peter and Takeo,1975) 
Biochemical analysis
Serum total protein, albumin and globulin were estimated by modified Biuret and Dumas method (Varley et al., 1980) . AST, ALT (Reitman's and Frankel, 1957) , glucose, urea, uric acid were determined using kit from (BioMeriuxFrance) by Auto analyzer Hitachi 912.Serum sodium and potassium were estimated (Bold et al., 1965) .
Statistical analysis
All data were analyzed using the One-Way ANOVA procedure for analysis of variance. Significant differences among treatments were identified at 5% level by Duncan's multiple range tests (Duncan, 1955) .
Results
Live body weight and mortality%
The result was illustrated in Table 1 . The overall body weights were lower in heat stressed group than control group clearlyindicatednegative effectsofheat stress which also affected on mortality %.The birds fed on diets containing the dietary supplements gave variable degrees of improvements in weight gains (P<0.05) and mortality %.However, supplemented diet with NaHCO 3 showed better body weight gain followed by Vitamin C feed group which consequently reflected on mortality%. Heat stressed group have high morality % 22.5 than other groups. Table 2 showed the effect of different feed supplements on blood pH of heatstressed chicks.Heat stress elevates blood pH which regain around normal vales by using feed supplements especially NaHOC 3 .
Blood pH
Hematology
Effect of different feed supplements on hematological parameters of heatstressed chicks was presented in Table 3 . Heterophil to lymphocyte ratio H/L Heat-stressed group showed significantly higher H:L ratio at 2, 4 and 6 weeks of age compared to all supplemented groups (Table 4) . 
Anti-body titers against Newcastle disease, avian influenza and infectious bursal disease
The results revealed heat stress significantly effect on antibody titers (Table 5 ). The dietary supplement significantly increased antibody titer of Newcastle (N.D) and avian influenza (A.I) on day 12 post vaccination (p<0.05). However, dietary vitamin (E) had higher effect on antibodies titer compared with other groups.
Lymphoid organs index
Heat stress decreased the ratio of the weight of bursa, spleen and thymus to body weight of birds. At 2, 4 and 6 weeks of age, birds receiving supplements showed higher bursa indexas well as increased percentages of thymus and spleen weight ratios as compared to heat-stressed group (Table 6) . Tables 7 and 8 showed Effect of different feed supplements on biochemical parameters and liver and kidney function of heat-stressed chicks. 
Biochemical studies
Discussion
Heat stress is one of the major constraints that confront poultry production in open house poultry farms, especially in tropical climates. Broiler chicks are homeothermic, maintain their body temperature within a slight range (thermo neutral zone) in which energy needs for thermoregulation are minimum and the net energy for production is maximum (Furlan and Macari, 2002) . At high ambient temperatures, evaporative cooling through panting is important for heat dissipation. This leads to respiratory alkalosis which has been correlated with reduced feed consumption, growth rate and survival rate (Kutlu, 1996 and 2001) .
Under the routine production conditions various types of stress are experienced by chicken such as heat/cold, transport, pre-slaughter holding, etc. Both high and low environmental temperatures stimulate the hypothalamo-hypophyseal adrenocortical axis which release glucocorticoids result of different feedback mechanisms which take place at various levels of the neuroendocrine system (Kristien et al., 2005) .
The results indicated that chickens under heat stress had a significant lower bodyweights than the control group, which clearly demonstrating the adverse effects of heat stress. Such observation was confirmed with that reported by (Balnave & Oliva,1991 , Balnave & Gorman,1993 and Hayat et al., 1999 . Farina et al. (2012) stated that high environmental temperature stimulates the peripheral thermal receptors to transmit suppressive nerve impulse to the appetite center in the hypothalamus causing the decrease in feed consumption. In the same context birds in group (C), where NaHCO 3 was added at 2 g/kg gave consistently better (P<0.05) performance in terms of weight gains as compared to all other supplemental groups followed by Vit (C ) group D. This may be due to the use of supplemental NaHCO 3 in poultry feed is beneficial as it is a supplemental source of Na+ ions as well as HCO 3 ions to replace CO 2 which had lost to greater extent during painting as a reflex to high temperature. This result are in agreement with Bonsembianate et al. (1988) , (Gorman and Balnave, 1994) , similarly Hayat et al. (1999) revealed that supplementation with NaHCO 3 (2g/l) caused increased growth and feed intake compared to unsupplemented controls in heat stressed environmental conditions. Also Hassan et al. (2009) reported that heat exposure reduces plasma carbon dioxide and bicarbonate which may affect the blood pH and induce a nutritional requirement for bicarbonate. Moreover, supplementation of diet with Vit C can be beneficial due to its known metabolic functions assister ves as a classical enzyme cofactor and as a protective agent (Ombabi, 2004) .
The normal blood pH should be close to physiological limits (pH, 7.35-7.45) (Carlson, 1997) .This is necessary for themaintenance of protein structure and function, which isanessential condition fornormal progression of metabolic events. Normally, blood pH is controlled by the lungs and kidneys along with the various buffer systems which prevent rapid changes in pH. However, the immediate response to heat stress is that respiratory rate increases and a corresponding decrease in the levels of blood carbon dioxide and respiratory alkalosis (elevated blood pH) is observed (Borges et al., 2003) .
Concerning, the results in this study indicated that the highest blood pH value was recorded in heat stressed group (B) compared to all other supplemented groups. These results are in agreement with Belay and Teeter (1996) and Farina et al. (2012) who showed that heat stress causes rapid and shallow breathing inducing respiratory alkalosis thusin creasing blood pH. Also, Ahmad and Sarwar (2006) reported that the consequence of increased respiration rate (panting) is the ensuing respiratory alkalosis. Excessive loss of carbon dioxide (CO 2 ) during panting reduced the partial pressure of CO 2 in blood plasma. In turn, the bicarbonate buffer system lowered the concentration of hydrogen ions and caused a rise in plasma pH and plasma bicarbonate levels, which developed a condition known as respiratory alkalosis. While,among theother supplemented groupsthe lowestpH value was found in birds fed NaHCO 3 (group C) and highest values were observed in birds fed Vit E (group E).These results were similar to the results obtained by Keskin and Durgun (1997) and Farina et al. (2012) . Also heat exposure reduces plasma carbon dioxide and bicarbonate,which may affect the blood pH and induce a nutritional requirement for bicarbonate (Teeter et al., 1985 and Gorman, 1993) .
Concerning the effect of heat stress on hematological parameters, the results showed a significant elevation of RBCs count in heat stressed group than control group. This result agreed to some extent with that reported by Narkkong et al. (2011) .While, the administration of the antioxidant vitamin C or E resulted in the maintenance of RBC counts within the value obtained pre-heat stress occur. This observation goes in accordance with Whitehead and Keller, ( 2003) , they suggested that the vitamins prevented the release of erythrocytes from their pool in the body into the peripheral circulation apparently due to the inhibitory role of vitamin C on circulating corticosteroids in chickens under stress, because decrease in vitamin C in the body tissues especially in renal and adrenal organs have been associated with corticosteroids release. Also the obtained result showed an increase in the values of PCV and hemoglobin of supplemented birds in group (D) than heat stressed one which could be referred to the protecting effect of vitamin C on the membrane integrity of the erythrocytesas reported (Candan et al., 2002 , Adenkola et al., 2010 . While Harper et al. (1979) suggested that it may due to the role of vitamin C in increasing the absorption of iron from digestive system. In the same context, Borges et al. (2007) surmised that quantitative and morphological changes in blood cells were associated with heat stress and were translated by variations in haematocrit value, leukocyte counts, erythrocyte and haemoglobin contents. Also Vecereketal. (2002) reported decreased haemoglobin levels and increased total blood leukocytes counts in chicken due to gradually increasing temperature.
Regarding, the effect of heat stress in Leukogram. The result indicated that total leukocyte count (TLC) and eosinophils were significantly reduced. While a significant increase in basophils and monocytes counts than control group was observed. This finding is in agreement with the findings of Maxwell et al. (1990) and Joachim et al. (2010) .
The heterophil to lymphocyte ratio has become widely accepted as a reliable and accurate physiological indicator of the stress response in chickens, because exposure to stressors causes it to increase progressively (Gross and Siegel, 1983) . Gross and Siegel (1993) suggested that reference values for the heterophil to lymphocyte ratio of about 0.2,0.5 and 0.8 are characteristic of low, optimal and high degrees of stress, respectively. The results showed that, a significant decrease in lymphocyte, while heterophil/lymphocyte ratio increased from 0.59 to 0.71.this result agreed with Joachim et al. (2010) .
Heat-stressed group showed significantly higher H:L ratio at 2, 4 and 6 weeks of age compared to all supplemented groups. This suggests that feed supplements may have played a role in ameliorating the heat stress-induced changes in H:L ratio. These data suggest that heat stress had adverse effect on the level of natural agglutinin of chicks, which in general indicates impairment of their humeral immune response. Results of this study agree with that of Bartlett and Smith (2003) and Siegel (1989) who reported that heat stress adversely affects immune function and impedes with disease resistance. Nworgu et al. (2007) and Minka & Ayo (2008) reported stability in the values of TLC and H/L ratio after treatment with vitamin C and antioxidant was observed.
Antibodies titer against N.D and A.I were greatly affected by heat stress and the result showed the dietary supplement significantly increased antibody titer of ND and AI on day 12 post vaccination (P<0.05). However, dietary vitamin E had higher effect on antibodies titer compared other groups, this result agreed with Saud et al. (1999) who reported that, high environmental temperature increases the susceptibility of chickens to infectious diseases. Suppression of antibody synthesis occurred when the birds were stressed shortly before or after immunization, this phenomenon was called "high environmental temperaturemediated immunosuppression" (HTS). Also Swenson and Reece, (1996), Berne and Levy, (1998) reported that lymphocytes are non granulated leukocytes formed in lymphoid tissues. They play an important physiological role in immunity, particularly for the production of antibodies. One of the physiological responses of exposure to stress is the release of glucocorticoids, causing dissolution of lymphocytes in lymphoid tissues and leading to lymphopenia. However, there is an increase in heterophil release by the bone marrow, thus increasing their number in circulation, but their phagocytic and bactericidal activities are decreased. Administration of feed supplement generally increased immune response under heat stress condition, with best result obtained in Vit E supplement group. This result agreed with Hasret et al. (2009) and result of weight lymphoid organ index, while disagreed with Farina et al. (2012) who found hemagglutination Inhibition (HI) titers were higher (P<0.05) when birds were fed on diets containing NaHCO 3 .
A noticeable decrease (P<0.01) in serum total protein was found in heat stressed group as compared to the control. These results are in line with the findings of Wajid et al. (2002) . In other hand the result showed that feed supplements had positive effect on total protein, albumin and globulin under heat stress condition which regained around normal parameter compared with control group.These results agreed with Hassan et al. (2009) and Majekodunmi et al. (2013) .
The result showed that increase values of serum glucose observed for heat stressed birds when compared with control one. This result agreed with that reported by Borges et al. (2007) who found an increase in glucose concentration was one of the direct responses of birds to greater adrenaline, noradrenalin and glucocorticoid secretion in stressful conditions which was needed to prepare birds for a "fight and flight" response. Kristien et al. (2005) reported that the stress-induced release of glucocorticoids stimulates hepatic gluconeogenesis. Reduced insulin sensitivity of peripheral tissues by glucocorticoids may also contribute to hyperglycemia.
Birds maintained at high temperatures showed significantly (P<0.01) lowered levels of Na+ and K+ as compared to control (Group A). Similar results were found by Wajid et al . (2002) , in contrast Cheveille (1979 stated that the blood electrolytes level of chickens is altered during heat stress. While the amounts of Na+ and K+ were unchanged in broilers within each group. On the other hand researchers have generally reported are ductionin plasma levels of K + and Na + (Deyhim et al.,1990 and Borges, 1997) due to heat stress, probably as a resul to f hemodilution following increased water consumption.
Regarding, the results showed that, serum, uric acid, urea, AST and ALT increased significantly (p≤0.05) and total proteins, albumin, globulin decreased significantly (p ≤0.05) in comparison with respective control mean values similar finding was reported by Nalini et al. (2008) . Bogin et al. (1996) demonstrated significant differences in glucose levels between heat-stressed surviving and non-surviving groups of broilers. The lower levels in non-surviving chickens can be explained by possible reduced gluconeogenic activity due to the accumulation of organic acids in response to alkalosis. The increase in uric acid, · which is the main end product of nitrogen metabolism, could indicate the renal insufficiency as the secondary result of heart function insufficiency. Also Kolb(1984) observed that blood glucose concentration is directly responsive to an increase in glucocorticoids during stress.
It could be concluded that heat stress adversely affect birds body performance, blood indices, immunity and biochemical parameters. Significant improvement in the performance and immune response of chronically heatstressed broiler chicks given the feed supplements, Ascorbic acid supplementation enhanced the hematological profile of birds while feed supplements with Vit E improve immunity against vaccination but generally, NaHCO 3 being slightly superior to Vitamin C and Vitamin E. Joachim, J., Aja, k., Antonio, P.B., Mario, C.M., Guillermo, P.E. and Ángel, M.T.
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